in complexes containing Ran-GTP within the nucleus and dissociate from their cargo after transit to the cytosol and GTP hydrolysis. In particular, nuclear import Far from being passive participants in the process of is accomplished for proteins bearing classical nuclear mitosis, chromosomes have an active and essential role localization signals (NLS) by a heterodimeric receptor in the assembly of spindles required for their accurate comprised of a Ran-GTP binding protein, importin ␤, division into the two daughter cells. One way in which and an adaptor protein, importin ␣ ( Figure 1A ). Importin they exert this influence is through the selective stabili-␣ recognizes NLS-bearing proteins. Importin ␤ binds to zation of microtubules (MTs) in their immediate vicinity, the importin ␣-NLS complex and facilitates its movethereby contributing to the nucleation and growth of ment through the nuclear pore. Importin ␤'s use of adapspindle MTs, as well as to their directed elongation from tor subunits in this manner is unusual, since transport nucleating structures such as centrosomes (reviewed receptors generally bind to their cargo directly. Importin in Andersen, 1999). The mechanistic details of how chro-␤ is responsible for the translocation of other cargoes mosomes promote MT stability remained an intriguing through direct association. Importin ␤ dissociates from mystery until the surprising discovery that the Ran importin ␣-NLS after binding Ran-GTP in the nucleus, GTPase is an essential component of this process (reand returns to the cytosol in association with Ran-GTP. viewed by Kahana and Cleveland, 1999).
. In this regard, it should also be noted that NuMA-depleted MTs. In the vicinity of chromosomes, a high local concentration of Ran-GTP relieves this suppression through egg extracts can assemble spindle MTs, but are deficient in focusing them into a bipolar spindle structure dissociation of importin ␣-importin ␤-APA complexes.
(Merdes et al., 1996), suggesting that NuMA cannot be could act in any of these processes, and this paradigm the only protein required for chromatin-induced MT stawill clearly be extensively tested in the near future. bility. In addition, Nachury et al. (2001) have raised the However, there is one key aspect of this model has possibility that some APA may interact with importin ␤ in been poorly demonstrated experimentally-namely, the an importin ␣-independent manner, and these activities structure of the Ran-GTP gradient. During interphase, will also be important to investigate. a wealth of circumstantial evidence supports the notion Could This Be a General Mechanism for Other that Ran-GTP is primarily distributed to the nucleus Roles of Ran?
(Gorlich and Kutay, 1999; Sazer and Dasso, 2000), but One attractive feature of the model discussed above is direct evidence of this distribution has been lacking, that it offers a unified picture of Ran's biochemistry in largely due to technical considerations. The existence spindle assembly and nuclear transport. In both cases, of a Ran-GTP gradient in mitosis is entirely inferred from spatial cues are given through changes in the concentrathe localization of RCC1, and experimental limitations tion of Ran-GTP. For transport, high Ran-GTP promotes will make the mitotic Ran-GTP distribution even more import receptor unloading and export receptor loading in difficult to document. It will be important not only to the nucleus. For spindle assembly, high Ran-GTP proverify the existence and nature of the Ran gradient, but motes the specific activation of APA in the vicinity of chroalso to show how it is remodeled during the cell cycle matin through dissociation of complexes containing the as the nuclear envelope breaks down and reforms and same receptor molecules in their mitotic guise.
as chromosomes condense and decondense. Given the It will be interesting to determine how well this model central role now proposed for Ran-GTP gradients, it is is conserved evolutionarily, particularly in organisms reasonable to assume that Ran-GTP distribution will be that do not undergo an open mitosis. The original expericlosely regulated. Such regulation may help to account ments demonstrating a role for Ran in spindle assembly for earlier data implicating phosphorylation in chromawere conducted in Xenopus egg extracts. However, retin-induced MT stabilization (Andersen, 1999). In the cent experiments from Guarguaglini et al. (2000) show end, understanding Ran-GTP distribution may indeed that Ran has a role in spindle assembly in mammalian provide the keys to the engine that is driving many matissue culture cells and indicate that Ran's role is probachines. bly conserved among all metazoans. This conclusion is
